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SEED ADDITIVES:

CHEMICALS

Wayne A. Beckwithl
Seed treatment technology has entered into a new era.
The
traditional mercurial and Captan type compounds are being replaced or
enhanced by new systemic type compounds.
With this new systemic
chemistry, new concepts in seed treatment research such as herbicide
safeners, foliar fungicides and biological fungicides have already
begun to leave the research laboratories and are now in commercial
use. Thus, seed are no longer just a means of propagating a new crop
but are also carriers of new agricultural management technology.
In the next few years, we should see seed increasingly become
carriers for new technology providing superior disease, insect and
nematode control for one to two months, or longer, after emergence.
This new chemistry will allow pinpoint application of chemicals which
will reduce the amount of chemical per acre versus other forms of
application.
This should complement integrated pest management
systems and conservation tillage practices for a greater cost benefit
per acre.
We may also be on the verge of a breakthrough in the disinfection of all types of seed-borne diseases.
This includes fungal,
bacterial and viral diseases.
This type of technology will have
significant impact on costly control measures for disease problems,
like Halo Blight of beans, and reduce restrictions on international
shipments of seed.
The introduction of biological fungicides provides season long
suppression of some major soil-borne diseases.
"Quantum'IM 4000", a
selected strain of Bacillus subtilis, is now used on peanuts.
The
bacteria colonizes the root system of the plant to suppress infection
of Rhizoctonia and Fusarium throughout the growing season. "Quantum
4000 11 has been classified as an inoculant by EPA, and, is thereby
exempt from registration.
Conventional seed treatment chemistry provided cheap insurance
for stand establishment. Due to the narrow range of activity of most
new systemics, these contact fungicides and insecticides will remain
an important combination treatment for a broad range of disease
protection. Such combinations are comrron today, like "Vitavax®" and
lwestern Regional Research Manager, Gustafson Inc., Dallas, TX
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Thiram on small grains and sweet corn and "AprortiD" with Vitavax and
Thiram or Captan on soybeans.
In the following tables, a listing of the major seed treatment
chemicals in use today along with some potential new compounds under
development for the near future is presented in the following tables.
These tables are arranged by category of activity: Table l) Contact
fungicides, Table 2)
Locally systemic fungicides, Table 3) True
systemic fungicides, Table 4) Bacterial seed treatment, Table 5)
Contact insecticides, Table 6) Systemic insecticides, Table 7)
Biological seed treatments, Table 8) Herbicide safeners, and Table 9)
Miscellaneous applications, including herbicides, trace elements,
growth regulants, repellants, and osmotic regulants.
Paralleling these changes in seed treatment chemistry has been
the development of seed treating equipment for safe, accurate application of these chemicals. All seed treating equipment utilizes three
basic concepts: l) A method to measure the chemical, 2) A method to
rreasure the seed, and 3) A method to mix the seed with the chemical.
The first seed treatment materials, such as copper carbonate,
were applied as a fine dust. Originally, farmers mixed the dust and
grain together with shovels in their grainery.
In 1926, Gustafson
introduced the first mechanical seed treater for dust formulations to
meet the need for more efficient application.
Thiram, mercury and Captan treatments were introduced as
wettable powder formulations from the mid 1930's through the early
1950's. In 1946 the slurry treater was developed to allow the powder
to be mixed with water and metered on to the seed as a slurry.
In
response to the development of true liquid mercury compounds,
Gustafson developed the first Mist-0-Matic seed treater in 1955.
Because liquid mercury needed to be applied at ultra-low rates, this
treater provided good, uniform seed coverage by atomizing the small
among to chemical through use of a spinning disc in the seed flow
chamber.
In response to new seed treatment chemicals, such as Apron and
Baytan® 30, that are more expensive and require very critical application rates, Gustafson recently introduced the Accu-treat'IM treater.
This treating equipment achieves greater application accuracy by
volumetrically metering both the chemical and the seed.
In addition to the changes in seed treatment chemicals and
equipment, two new concepts have been developed in the methods of
applying chemical additives. First, is the need to achieve accurate
dosing of each seed with these new systemic chemicals. The second new
approach is polymer film coatings.
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Table 1.

Contact Fungicides.

Compound

Technical Source

Crops

Spectrum of Activity

Captan

Stauffer, chevron

Most major cops

Broad spectrum seed and
soil-borne diseases

Thiram

DuPont

Most crops

Broad spectrum seed and
soil-borne diseases

DIFOLATAN®

Chevron

Cotton, rice

Closely related to
captan

TERRAZOLE ®

Uniroyal

Cereal grains,
cotton, sugarbeets

Broad spectrum,
Rhizcx:::tonia

Maneb &
related zinc
mixtures

DuPont
Rohm & Haas

Most major crops

Broad spectrum

Heavy metal
fungicides

Kcx:::ide

Most seed type
types

Seed-borne blights,
Broad spectrum soil
diseases

Kathon

Rohm & Haas

Cotton

Most seed and soil diseases, some bacteria

OOTRAN ®

Up john

Peanuts

Rhizopus, Botrytis,
Aspergellus

LFSAN®

Mcbay

Cotton, beets

Recently withdrawn by
manufacturer
P,;ythium, Aphanomyces

-.....]
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Table 2.

Locally Systemic Fungicides.

Compound

Technical Source

Crops

Spectrum of Activity

DEMOSAN ®

DuPont

Cotton, edible
beans, soybeans

Rhizoctonia, Sclerotium,
Pythium

TERRACLOR ®

Uniroyal

Cereal grains
most crops

Bunt, Rhizoctonia

Rovral

Rhone-Poulenc

No current US
registrations

Broad spectrum, does
not control Pythium

Table 3.

True Systemic Fungicides.

Compound

Technical Source

Crops

Spectrum of Activity

VITAVKX ®

Uniroyal

Cereal grains,
cotton, rice,
corn, peanuts,
soybeans,
edible beans

Smuts of cereals,
Rhizoctonia,
Helminthosporium
Phornopsis, Fusarium

MERTErr ®

Merck

Wheat

Dwarf and common bunt
Fusarium

APRON®

Ciba-Geigy

Several major
crops

Pythium,
Phytophthora, downy
mildew

GUS 4551

Sandoz

Pending
registration

Same activity as APRON

'Ibpsin-M

Pennwalt

Potatoes

Rhizoctonia,
Fusarium

Benlate

DuPont

Crucifers

Black-leg

BAYTAN®

Mobay

Small grains
registration
pending

Smuts, bunts, leaf rusts
take-all suppression

EPIC®

BASF

Cotton E.U.P.

Rhizoctonia, Phoma

IMAZALIL ®

Janssen

Cotton, barley,
wheat

Thielaviopsis,
Verticillium, and
Helminthosporium

-......]
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Table 4.

Bacterial Seed Treatments

Compound

Technical Source

Crops

Spectrum of Activity

Streptomycin

Pfizer, Merck

Edible beans,
potato

Ha lo Bl ight of beans
bacterial decay

GUS 4003

Not disclosed

Research only

Under investigat ion

GUS 4800

Not disclosed

Research only

Fungal, bacterial and
viral-seed borne
disease

Table 5.

Contact Insecticides

Compound

Technical Source

Crops

Spectrum of Activity

Malathion

American Cyanamid
and others

Seed and edible
grains

Storage insecticide
Lepidoptera, short
residual

Methoxychlor

DuPont and others

Most seed

Storage insecticides
Coleoptera

RELDAN®

Dow

Seed and edible
grains, pending

ACTELLIC®

I. C. I.

Seed and edible
grains, pending

Storage insecticide

LORSBAN®

Dow

Cotton, edible
beans, sweet
and field corn

Soil insects, seed corn
corn maggot, seed
corn beetles

Lindane

Chevron, I.C.I.

Several grain
and vegetable
crops

Soil insects such as
wireworm, seed corn
beetles and maggots

DIAZINON®

Ciba-Geigy

Edible beans,
peas

Soil insects, seed
corn maggot, short
residual

Heptachlor

Velsicol

Cereal and

Soil insects,

grain crops

registration canceled,

Storage insecticide
· long residual at 6 ppm

on a phase-out program
Pyrethrums

Natural occurring
plant extracts

Grains

Storage insecticide,
short activity

Diatomaceous
Earth

Mined silicates

Exempt from
registration

Primarily storage
insects

Table 6.

Systemic Insecticides.

Compound

Technical Source

Crops

Spectrum of Activity

DI-SYSTON

Mobay

Cotton

Post emergent insects
aphids, thrips, mites

THIMET ®

American Cyanamid

Cotton

Same as DI-SYS'I'CN

AZODRIN ®
ORTHENE ®

Shell

Cotton

Aphids, thrips, Whitefly

Chevron

Cotton

Aphids, thrips, cutworms

MAGNUM 'IM

Union Carbide

Experimental

Nematodes, cutworms,
corn root worms, fall
armyworms and others

GUS 6015
ISOPHENFOS ®

Not disclosed

Experimental

Under investigations

Not disclosed

Experimental

Wireworms, seed corn
maggot at low rates

Table 7.
Product

Biological Seed Treatments
Technical Source

QUANTUM 1M 4000 Abbott
(Bacillus
subtillis)
DIPEL ®
Abbott
(Bacillus
thuringensis)
Rhizobia
Inoculants

-...)

00

Several

~

Crops

Spectrum of Activity

Peanuts

Rhizoctonia,
Fusarium

Several grains

Stroage insecticide
Lepidoptera

Small seeded
legumes and
sobyeans

Nitrogen fixation

~.~

Table 8.

Herbicide Safeners
Technical Source

Crops

Spectrum of Activity

CONCEP II

Ciba-Geigy

Sorghum

Safeners against
herbicide Dual

SCREEN®

Monsanto

Sorghum

Safeners against
herbicide Lasso

Compound
®

Table 9.

Miscellaneous Seed Treatment Applications

Function

Compound and/or Application

Herbicides

Eptarn on alfalfa

Trace Elements

Sodium molybdate on soybeans zinc
compounds on rice

Growth Regulants

Peanut Additive D

Repellants

MESUROL bird repellant

Osmotic regulants

Super Slupper - Bio Sorb
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Conventional seed treating methods involve metering of a
volume of chemical per hundred weight of seed. Since seed of the same
kind vary greatly in size and density, we cannot assure accurate
application of systemic chemicals from lot to lot or with seed of
different grades. The efficacy of many new systemic chemicals will be
dependent upon the accurate dosage to each seed within the lot.
Consequently new seed treatment labels may be written as grams of
chemicals per seed unit. The chemical Tachigaren is currently applied
in this manner in Europe on sugar beets. Typically they apply eight
to twelve grams per seed unit, which is defined at 100,000 seeds.
Most new systemic chemicals are highly efficacious, but have
activity against a narrow range of pathogens. Consequently, combinations of seed treatment chemicals are required for broad spectrum
control of diseases and insects. Additionally, new systemic insecticides are being evaluated at high application rates for extended
periods of insect control when compared with conventional treatments.
Both practices create new challenges in accurately applying and
holding the chemicals on the seed.
To meet these challenges,
Gustafson has been actively developing polymer film coatings. Unlike
pelleted seed or nutrient and Rhizobia coated seed, these polymer
coatings will be micro-thin and will not change the shape or size of
the seed. Changes in seed weight will be minimal, probably ranging
from one to three percent.
The reasons for developing seed coatings are numerous.
following list profiles several objectives.

The

1.

Improve the adhesion of chemicals for low dust-off and improved
efficacy.

2.

Increase the loading potential of chemicals on seed for higher
rates of application and multiple chemical combinations.

3.

Improve seed flaw characteristics and plantability.

4.

Improve worker handling safety especially with systemic insecticides.

5.

Develop the capability to apply multiple layers of chemicals to
the seed for the best activity.

6.

Reduce the phytotoxicity of some types of chemicals.

7.

Prolong the activity of chemical additives for improved seedling
protection.

8.

Regulate moisture uptake to reduce imbibitional chilling injury of
some seed types or improve germination rates of arid crops.
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9.

Improve the dispersion of chemicals and color additives to the
seed for uniform application and quality appearance.

Sorghum seed are frequently treated with a combination of
Captan, Apron, a herbicide safener and an insecticide, therefore, we
have concentrated our coating research on this crop. Currently we are
testing several polymer formulations which shCM good potential to
reduce or eliminate existing plantability problems caused by chemical
buildup.
These experimental coating formulations are a multiple
component polymer system designed to have the following characteristics:
1.

High concentrations of binding solids

2.

Low viscosity

3.

Adjustable hydrophillic-hydrophobic balance

4.

Form hard films upon drying

5.

Produce seed coatings with good plantability, uniform seed
flow, little or no dust-off and good seed germination
under warm and cool test conditions.

To evaluate these experimental seed coatings, tests are
conducted for dust-off, warm and cool germination, planter buildup
using a John Deere metering cup, and seed flow during the plantability
test.
The following table presents some typical results with seed
coating experiments on sorghum.
Treatment

Germination
Cool
Warm

Captan + APRO~ + CONCEP® I I

63.5

64.5

0.80

captan + APRON + CONCEP I I
Coated with GUS 501-SC

67.5

71

0.00

Dust-off
mg/30gm

In the above test, germination was evaluated on rolled paper
towels at 18C for cool temperature tests and 250C for warm tests. With
several coatings evaluated, cool germination tests suggest these
coatings may reduce imbibitional chilling injury although more
extensive evaluations are required on this subject.
The dust-off
results represent the milligrams of dust collected on a filter paper
after 20 gm. of seed was tumbled in a air chamber for ten minutes. The
new polymer coating consistently demonstrated the ability to eliminate
the loss of active chemicals by dust-off.
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Plantability evaluations are conducted by running fifty pounds
of sorghum seed through a John Deere maxi -emerge planter. The feed
cup mechanism is pre-weighed and chemical buildup recorded as grams of
increased weight caused by the deposits on the feed cup. Seed flow is
also monitored during this test buy collecting seed for 36 seconds at
various time intervals throughout the test.
The grams of seed
collected are then plotted against time to determine the uniformity of
seed flow.
Figure 1 shows the seed flow and buildup of two coatings
compared to the uncoated control. All seeds were treated with Captan,
Apron, and Concep II. Two samples were coated with ploymer coatings.
The buildup results from the experimental coating GUS 101-SC derronstrated that some polymers can cause buildup problems greater than an
uncoated seed. Experimental coating GUS-509-SC produced extremely low
buildup levels and good uniform seed flow due to its film hardening
characteristics.
Figure 2 represents the results of a similar study in which
all seed samples tested were treated using the same methods as
described above.
Both experimental coatings, GUS 515-SC and GUS
520-SC, produced substantially less buildup than the uncoated control
with greater seed flow uniformity. GUS 520-SC incorported additional
f~lm. hardening additives which resulted in half the buildup of the GUS
515-SC coating.
In addition to developing new polymer coating formulations,
equipment research and development will be necessary since these
ploymers will have handling characteristics much different than
existing flowable chemical formulations.
In the near future,
Gustafson hopes to solve both the polymer development and application
equipment needs to provide the seed industry with economical polymer
coatings in high capacity continuous flow treating systems.
This
coating technology will become the basis for further advances in seed
applied chemistry which should produce tremendous benefits to the seed
industry and agriculture in general.
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Figure 1.

The influence of seed coatings, Gus 101 SC and Gus 509-SC on the grams of seed/36 sec
which passed through a rrechanical planter at various tirre periods of planter operation.
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Figure 2.

The influence of seed coatings, Gus 520-SC and Gus 515-SC on the grams of seed/ 36 sec.
which passed through a mechanical planter at various time periods of operation.

ENOOPHYTES:

BANE OR BOON?

'IURFGRASSES
(How endophytes modify turfgrass performance and response to
insect pests in turfgrass breeding and evaluation trials)l
C. R. Funk, P. M. Halisky,

s.

Ahmad, and R. H. Hurley2,3

Abstract
Endopphytic fungi (Acremonium 3£·) were associated with (1)
enhanced resistance to Crabus spp. and Sphenophorus parvulus in Lolium
perenne, and (2) improved persistence, fall recovery, and resistance
to weed invasion in old turf trials of Festuca arundinacea and L.
perenne. Field observations also suggest an association of endophytic
fungi with resistance to Blissus leucopterus hirtus and improved
summer performance in F. rubra, F. longifolia and L. perenne.
Possible endophyte effects must be cansidered in turfgrass evaluation
trials and in breeding programs designed to efficiently detect and
utilize non-endophytic sources of pest resistance and perhaps stress
tolerance.
Introduction
New Zealand scientists (Prestidge et al. 1982; Moertimer et
al., 1983) were the first to report that an endophytic fungus (Figure
l), Acremonium loliae Latch, Christensen and Samuels, was associated
with resistance to the Argentine stem weevil, Listronotus
(=
Hyperodes) bonariensis Kuschel, in Lolium perenne L. (perennial
ryegrass). Other studies (Funk et al., 1983) showed that the resistance of L. perenne to various species of lepidopterous sod webworms
lNew Jersey Agricultural Experiment Station Publication Title and
Numbers D-15267-1-85, D-11130-2-85, D-08130-21-84.
2Respectively, Professors of Turfgrass Breeding, Plant Pathology, and
Entomology, New Jersey Agricultural Experiment Station, Rutgers
University, New Brunswick, New Jersey, 08903, USA and Vice President, Lofts, Inc., P. 0. Box 146, Bound Brook, New Jersey, 08805,
USA.
3or. Hurley presented the information contained in this paper under the
title, "Endophytes: Bane or Boon? Turf Grasses.
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Figure 1.

Hyphae of an endophytic fungus (arrows) shown in the cells
of a leaf.
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was also associated with the presence of a f ungal endophyte. Perennial ryegrasses rated as highly resistant to sod webworms were shown
by microscopic examination and enzyme-linked immunosor bant assay
(ELISA) (Johnson et al., 1982) to contain a ve ry high percentage of
plants i nfected wittl the Lolium endophyte.
Ryegrasses showing
substantial injury from larval feeding were free or mostly f r ee of the
endophyte. Field resistance to sod webworms was expressed both as a
10-fold reduction in larval feeding and a nearly complete absence of
larvae from the soil beneath endophyte-containing plants.
The
maternal transmission of sod webworm resistance was very striking,
indicating an absence of pollen transfer. Maternal transmission of
endophyte-mepiated resistance results from the observation that most
of the seed produced on an endophyte-infected plant contains the
endophyte.
Increased yield and greater persistence of endophytecontaining pastures of Festuca arundinacea Schreb. (tall fescue) have
been reported in Texas (Read, 1983). Bradshaw (1959) reported that
endophyte-containing plants of Agrostis tenuis Sibth. and A.
stolonifera L. growing in low maintenance turfs normally produced more
tillers than adjacent bentgrass plants which were free of endophyte.
Clay (1984) observed increased vigor and persistence in Danthonia
spicata (L.) Beauv. infected with the endophytic fungus, Atkinsoinella
hYP?xylon (Peck) Diehl.
Materials and Methods
Large numbers of cultivars, selections and single-plant
progenies of L. perenne, F. arundinacea, F. rubra L. suosp. commutata
Gaud. (Chewings fescue) I and F. longifolia Thuill.-(hard fescue) have
been and are currently being evaluated in turf trials at Adelphia and
Many of these trials have been mainNorth Brunswick, New Jersey.
tained for several years to assess long-term persistence and performance under a wide range of managment practices.
Observations of
possible endophyte effects were made when naturally developing insect
infestations or environmental stresses occurred on various trials.
Assessments of endophyte presence in seed or foliage were made
microscopically using lactophenol-trypan blue or rose bengal as
described by Funk et al., (1983) and Saha e t al . , (1984).
Results and Discussion
Association of Lolium Endophyte with Resistance to Billbugs ln a Test
Established in 1977 at Adelphia , New Jersey.
Ahmad and Funk (1983) reported differential resistance of
perennial ryegrasses to Sphenophorus parvulus Gyllenhal (the bluegrass
billbug) prior to knowledge of possible effects of the Lolium endophyte (Figure 2). Billbug r e sistance was expressed as both a r eduction of larval damage and a nearly comple t e absence of larvae from
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Figure 2.

Typical billbug damage on perennial ryegrass plots with low
(left) and high (right) levels of endophyte infection.
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plots of resistant ryegrasses. Further studies show that the Lolium
endophyte was positively associated with the enhanced resistance of
perennial ryegrasses to this insect pest (Table l). Hov..:ever, there
were also strong indications of varying amounts of non-endophytic
sources of resistance. Significant differences occurred in both turf
damage and insect counts among endophyte-free ryegrasses.
The
maternal transmission of resistance to billbugs also was evident. A
total of 105 single plant progenies derived from five maternal sources
of endophyte gave 104 resistant progenies and only one susceptible
progeny.
This is consistent with our observation that up to five
percent of the seeds produced by an endphyte-infected ryegrass plant
may escape infection. A total of 339 single plant progenies derived
from five non-infected maternal parents were all susceptible. These
results indicate an absence of pollen transfer.
This maternal
inheritance of resistance to the bluegrass billbug also supports the
concept of endophyte-enhanced resistance.
Association of the Lolium Endophyte with Performance of Perennial
Ryegrasses in a Turf Trial Seeded September 1978 at Adelphia, New
Jersey.
The components of two breeding composites were seeded in a
turf trial in September 1978. Breeding composite LP-5000 consisted of
the open-pollinated progenies of 471 selected turf-type ryegrass
plants grown in an isolated nursey.
Breeding composite GH-77 consisted of the open-pollinated progenies of 63 selected turf-type
ryegrass plants.
Data presented in Table 2 show that endophyte-infected versus
endophyte-free progenies within each breeding composite performed in a
very similar manner during the 1979 season. The test was irrigated
and received a moderately high level of maintenance during this
period. This and other evidence suggests that the presence or absence
of the Lolium endophyte generally has little if any influence on turf
performance in newly established trials not significantly affected by
insect problems or severe environmental stresses.
The percent green turf data compiled during September 1980
primarily reflects differences in injury resulting from feeding by sod
webworms. The association between endophyte presence and resistance
to sod webworm was striking under the conditions of this test. It is
also noteworthy that essentially all ryegrasses subsequently showed
complete recovery from the extreme injury sustained.
The percent green turf data and turf quality ratings taken
during August and September of 1983 largely reflect damage from the
bluegrass billbug, although, damage from drought stress, white grubs
and other insects was noted. The presence of the Lolium endophyte did
not appear to deter feeding by or injury from the various species of
white grubs present.
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Table 1.

Billbug infestation, endophyte frequency and concomitant
damage in eight cultivars and selections of perennial
ryegrass in turf trials at Adelphia, New Jerseyl.

Ryegrass cultivar
or selection

Mean %
turfgrass
damage

Mean counts of
billbugs per
l.om2

Mean % endophyte
infected tillers

1.

H5-1252

la2

O.Oa

98a

2.

Pennant

3a

O.Oa

lOOa

3.

Regal

4a

5.4a

lOOa

4.

Omega

40b

32.3c

Ob

5.

Derby

40b

43.0c

8b

6.

Yorkta.vn

49b

48.4c

5b

7.

H4-600-l

78c

107.6d

Ob

8.

H4-412-l

83c

134.5e

Ob

II

lTest was seeded August 1977 and maintained at 2.0 em. cutting height,
high fertility, and irrigated as needed until June 1980. After
June 1980, it was mowed at 5.0 em, not irrigated, and maintained
at a reduced fertility level.
Billbug counts and turf injury
readings were made during early August of 1981 after a period of
moderately-severe drought stress.
2Means followed by the same letter do not differ significantly at the
five percent probability level.
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Table 2.

Performance of endophyte-infected versus endophyte-free
single plant progenies of two breeding composites of Lolium
perenne seeded September 1978 in turf trials at Adelphia,
New Jersey.

Breeding
composite

Number
Mean Mean % green turfl
progenies turf
Sept.
Sept.
examined
quality 1980
1983
1979

Mean
turf
quality2
1983

LP-5000
a.

Endophyte-free

b.

Endophyte-infected

c.

Difference3

436

6.6

13.3

61.6

4.4

35

6.5

83.9

80.4

6.5

-01 ns

+70.6**

+18.8**

+12.1**

GH-77

a.

Endophyte-free

49

5.2

12.6

62.6

4.9

b.

Endophyte-infected

14

5.2

86.1

85.0

7.0

c.

Difference3

+0 • 0 ns

+73.5 **

+22.4**

+2.1**

11980 data compiled during a sod webworm infestation;
compiled during an outbreak of bluegrass billbug.

1983 data

2Based on a scale of 0-9 (9 = best).
3oifference associated with presence of the endophyte.
**=significant difference (p 0.01); ns =non significant difference.
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Association of Endophytic Fungi with Increased Persistence and
Improved Performance of Perennial Ryegrasses and Tall Fescues in 1Low
Maintenance Turf Trials at North Brunswick, New Jersey.
Stri king differences were observed in persistence, recovery
from summer s t res s and ability to resi st weed invasion during the
ear ly fal l of 1983 i n perennial ryegrass and tall fescue turf trials.
The se tests had been established during August 1976 at North
Brunswick , New Jersey . They received irrigation and were maintained
at moderately high fertility with frequent close mowing (2-cm) until
June, 1981.
At t hat t i me, the mowing height was raised to 5-cm,
irrigation was discontinued, fertility levels drastically reduced and
A substantial amount of
weed control trea tments discontinued.
Di gitaria spp . (crabgrass) had invaded the test by the midsumrrer of
1982 and produced a nearly complete ground cover by midsummer of 1983.
The tall f es cue test showed moderate crabgrass invasion during this
period.
Evaluation of Surviving Ryegrasses: Indications of maternal
inheritance of i mproved persistence, recovery from summer stress and
resistance to weed invasion suggested that endophytes might be
involved i n i mproved performance. In addition, and average of 98% of
the tillers removed f rom the 15 best-performing, single-plant
progenies of perenni al r yegrasses and from four replicated plots
seeded wi t h freshly-harvested seed of 'Regal' perennial ryegrass were
infected with the Lolium endophyte.
This observation of maternal
inheritance and t he fact that all surviving entries were infected give
e xcellent evidence that persistence was associated with the presence
of the Lolium endophyt e . Unfortunately, remnant seed from this test
had been discarded making it impossible to assess the endophyte status
of the ryegrasses that did not survive. However, since our entire
sample of survi ving ryegrasses was endophyte positive, it is unlikely
that progenies f ree of endophyte could have survived the severe summer
stress, possible insect damage and heavy crabgrass competion. On the
other ha nd, it is probable that some progenies containing endophyte
did not survi ve. Best performance may well require a combination of
non-endophytic sources of pest resistance and/ or stress tolerance
enhanced by an effective endophyte. Endophytes probably vary just as
much as other biological organisms in their ability to enhance genetic
sources of pest resistance, plant persistence and stress tolerance.
Good performance may also r equire a high frequency of endophyteinfected plants. Named cultivars low in endophyte-infected plants did
not survive under the extreme stresses of this test.
Evaluation of Surviving Tall Fescues: This test included 400
open-pollinated, single-plant progenies of tall fescue plants which
had been se lected from old turfs in Virginia, Pennsylvania, New
Jersey, Georgia, Alabama, and North Carolina.
Turf plots were
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established in the same order as the plants occurred in the spacedplant nursery.
Therefore, progenies in adjacent and nearby plots
received a very sirniliar sample of pollen. Many of these progenies
performed poorly throughout the entire test period.
However, many
others performed well during the early years of the test.
These
better selections can be divided into two groups. The first group (I)
continued to perform well throughout the period of the test and
recovered quickly and completely from the severe summer stress and
crabgrass competition during the summers of 1982 and 1983. The second
group (II) gave similiar high performance scores during the first two
years of the test, showed a moderate decline in performance by the
fourth and fifth years, recovered rather poorly after the surruner of
1982 , and showed severe thinning and very poor turf when rated in
Oct ober, 1983 (Table 3). The 32 best single-plant progenies of group
I were all highly infected with the tall fescue endophyte with an
The ll single-plant progenies
average of 98% infected tillers.
selected from group II showed an average of only 8% infected tillers.
This str ongly suggests that the dramatic differences in persistence,
resis t ance to crabgrass invasion and recovery from summer stress of
the t al l fescues were also associated with the presence of an endophyte .
Enhanced resistance to sod web.vorms and perhaps other insect
pests was undoubtedly a contributing factor in the survival of
endophyte-cont a ining ryegrasses.
The better turf-type perennial
ryegrasses had been shown to completely recover from prolonged
defoliation from sod webworms in turf trials at Adelphia. However,
the Adelphia tests did not contain crabgrass.
The very severe
crabgrass competition at North Brunswick undoubtedly reduced the
recover y of plants weakened by insects and environmental stress. It
is likel y that the endophyte (s) also enhanced stress tolerance to
produce the observed response. Insect populations and apparent insect
damage did not appear sufficient to account for the great differences
observed , especially in the tall fescue test.
Either the insects
escaped our attention, or the improved performance and persistence of
endophyte-infected r yegrasses and tall fescues were associated with
physiologic al factor s related to improved stress tolerance and
competitive ability .
The Role of Endophytic Fungi in Enhanced Performance of Fine Fescues
Epic;,hloe typhina (Pers.) Tul. , the causal organism of the
choke disease , is the sexual stage of a fungus which is similiar to or
identical with the endophytes associated with enhanced performance of
per enni a l ryegrass and tall fescue. Sampson (1933) observed that red
fescue (F. rubra L. ) plants containing this endophyte produced a wide
array of- symptoms. These ranged from stromata being present on all
panicles of an infected plant to plants showing no external evidence
of infec tion.
Inte rmediate types included plants with only a few
panicles showing choke and others showing reductions in floret
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Table 3.

Date

Turf performance ratings of endophyte-containing versus
adjacent plots and endophyte-free single-plant progenies of
tall fescue.
Mean turf performance scores (9 = best)
Endophyte-infected
Adjacent
Endophyte-free
progenies
plots
progenies
(32 entries)
(64 entries)
(ll entries)

1976-1977

5.8

5.9

6.2

1978-1979

5.6

5.2

5.7

1980-1981

6.0

4.8

5.2

Sept. 1982

6.7

4.6

5.0

Oct. 1983

7. 2

2.4

2.5
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fertility, seed yield, and seed viability.
Plants of fine fescue
which are infected with the choke disease fungus but do not produce
stromata but which do produce high yields of viable seeds are very
similiar to symptomless plants of Tall fescue and perennial ryegrass
which contain a "non-choke-inducing endophyte" (NCI) •
Many seed lots used in the 1983 National Fine Fescue Test
contained high frequencies of endophyte-infected seed. These included
cultivars of F. longifolia Thuill (hard fescue) 'Valda' (63 percent
infected seedS), 'Biljart' (52%), and 'Spartan' (14%); F. rubra L.
subsp. cornrnuata Gaud. (Chewings fescue) 'Beauty (72%) , iCF-2' (22%)
and 'Center' (18%); and F. rubra L. subsp. rubra (strong creeping red
fescue) 'Pernille' (34%)- and 'Ensylva' (24%). The presence of high
percentages of endophyte in seed lots of commercial cultivars of fine
fescue suggests that NCI endophytes are also canrnon in the fine
fescues.
Since selection for high yields of viable seed is of high
priority in the development of any new cultivar, it would seem that
cultivars with NCI endophytes can be developed with acceptable seed
yielding potential. A limited seed yield test at Adelphia indicated
that endophyte infection had no adverse effect on seed yields in hard
fescue. Fifty five attractive hard fescue plants were selected from
an old turf and established in a spaced-plant seed production nursery.
The 25 infected plants produced an average of 23.4 grams of seed
whereas the 30 endophyte-free plants produced an average of 23.2 grams
of seed. We were unable to observe any external symptoms or choke
expression on any of the infected plants.
The endophyte-infected entries 'Valiant' hard fescue and
'Longfellow' chewings fescues showed significantly better turf
performance and fall recovery in 1983 and 1984, and fewer chinch bugs
(Blissus leucopterns hirtus Montandon) than any other hard or Chewings
fescues present in a test seeded September, 1978 at Adelphia, New
Jersey. The Longfellow and Valiant plots were established with 48 and
94% endophyte-infected seed.
Tillers removed in 1984 showed an
increase in endophyte infection to 84 and 97%, respectively. After
six years the turf plots containing Valiant and Longfellow averaged
92.5% green turf cover whereas six other fine fescues in the same test
averaged only l7. 3% green turf cover.
Similarly a count of chinch
bugs present averaged 37.5 jm2 in these two grasses compared with an
average of 122.5 j m2 in six other fine fescues.
This apparent resistance of Valiant and Longfellow to chinch
bugs could have resulted from their unattractiviness to the insects
because of denser turf and freedom from disease and surmner injury.
Adjacent plots, thinned by summer stress and disease may have merely
provided a more favorable habitat for the chinch bugs since they
prefer a warm, dry environment.
It is also possible that these
fescues are, in fact, more resistant to chinch bugs by virtue of their
high (84-97%) endophyte content.
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Conclusions
l.

Non-choke-inducing endophytes have shown promise of enhancing the
performance and persistence of a number of important grasses used
for turf and conservation purposes, at least under certain biotic,
edaphic and environmental situations.

2.

Endophyte effects need to be considered in cultivar performance
trials.

3.

The development and evaluation of non-endophytic sources of pest
resistance and stress tolerance can be accomplished more efficiently with increased awareness of and knowledge concerning
endophyte effects.

4.

Endophytes can be incorporated into most turfgrass cultivars using
standard breedi"ng techniques and procedures.

5.

Inoculation techniques are being perfected to quickly and efficiently develop endophyte-containing
cultivars and for the
interspecific transfer of endophytes.

6.

Turfgrass breeders will likely remove endophytes fran breeding
populations in order to select for non-endophytic sources of pest
resistance and stress tolerance. The appropriate endophyte might
then be added to enhance performance i f desired.

7.

Increased knowledge of the genetic variation within endophytes and
their interactions with various hosts will be needed to gain the
greatest possible benefits from endophyte-enhanced performance.
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